Introduction
Over the last decade, increased attention has been put on the association between nutrients and genome, resulting in the rise of two new branches of knowledge -nutrigenetics and nutrigenomics. The main goal of nutrigenetics is to establish the effect of genetic variations on the interaction between diet and disease or on nutrient requirements, while nutrigenomics is focused on the effect of nutrients on the genome, proteome and metabolome (Müller and Kersten, 2003) . There is a growing evidence of such effects as well as of the strong interaction between genotype and nutrients in modulating animal phenotypes (Jiménez-Chillarón et al., 2012) .
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negatively affect the technological parameters of the fat. The fat in animals fed large amounts of unsaturated fatty acids shows decreased firmness and is more susceptible to oxidation. To counter this effect, feeds containing large quantities of saturated fatty acids from different sources, like coconut oil or beef tallow, are added to diets.
MicroRNAs (miRNAs) are small, non-coding RNAs (~21-23 nt) that have the ability to influence gene expression by binding to the 3'UTR region of mRNA. MicroRNA coding genes can occur in intergenic regions as well as in the exons and introns of both coding and non-coding genes. Processing the miRNA transcript (pri-miRNA) with Drosha enzyme generates precursory miRNA (pre-miRNA) (Lee et al., 2003) . Mature miRNA is then excised by Dicer ribonuclease and incorporated into the protein RNA-induced silencing complex (RISC). The miRNA-RISC complex binds to the 3'UTR of mRNA, causing translational repression and degradation or sometimes upregulation of expression (Vasudevan et al., 2007) .
MicroRNAs are believed to play a significant role in a wide variety of biological processes, such as cardiovascular diseases, oncogenesis, development, apoptosis and cholesterol metabolism (Moore et al., 2010) . New aspects of miRNAs functioning are still being discovered, and an increasing number of miRNA-focused analyses are being conducted (Tavazoie et al., 2008) . Recently, miRNAs connected with nutrient metabolism and diet have been under scrutiny (Saini et al., 2010) . The expression of several miRNAs, including the miR-21 family, miR-200 family, miR-17 cluster and let-7 family, is affected by dietary factors. The levels of these miRNAs may be altered by polyunsaturated fatty acids (PUFA), proteins, glucose, fibre, folate and others (Palmer et al., 2014) . Moreover, nutrients and other bioactive food components (BFC), such as (n-3) fatty acids or selenium, are thought to have an influence on cancer occurrence (Ross and Davis, 2011) because of their ability to modulate miRNA expression. However many miRNA features, such as mRNA targets of many mammalian miRNAs, specific functions and mechanisms have still not been characterized thoroughly and need to be further investigated (Thomson et al., 2011) .
Due to the application of cutting-edge technologies in recent years, e.g., next-generation sequencing or microarrays, significant improvement has been made in the field of miRNA identification in different species. To date, according to miRBase 21.0 (Griffiths-Jones et al., 2006 , 2578 human miRNAs have been deposited, whereas almost 5 years ago, this number exceeded only 700 (miRBase 14.0). In other mammals, especially livestock species, coverage of the miRNAome is still sparse, despite obvious improvement over the years. Pigs with 77 miRNAs in miRBase 14.0 vs 326 in miRBase 20.0 are a good example of such animals. Also, due to the fact that they are phylogenetically relative to humans they play important role in livestock production as well as in biomedical research. So, it is essential to gain an insight into mechanisms that modulate gene expression and influence organism functioning in pigs (Sartor, 2005) , especially in the liver as a highly specialized organ that participates in a wide variety of metabolic processes and is crucial to vital functions.
Recently, we performed a whole transcriptome study on gene expression in the pig liver when different source of fats were added to diets containing DDGS . A set of differentially expressed genes (DEG) in samples of the liver from pigs fed rapeseed oil, coconut oil and beef tallow as a source of fat in the diet was identified. Expression differences were confirmed by qPCR for five DEG (APOA4, ACSL5, CYP2C49, CYP2B22 and GSTO1). To identify the possible regulatory mechanism of these genes, miRNAs specific to the liver of pigs were investigated (Pawlina et al., 2015) . By employing next-generation sequencing, 206 distinct miRNAs were identified. Of these, 138 are deposited in the miRBase and 68 are potentially novel miRNAs. In the present study, the focus is placed on the miRNAs that were highly expressed in the liver (miR-122a, miR-148a-3p, let-7a, miR-103 and miR-26a) in accordance with previous studies (Gamazon et al., 2013) . So, the aim of the study was to investigate which selected miRNAs specific to the porcine liver would be affected by the diet and which would be stable. To increase the probability of identifying nutrient-regulated miRNAs, the attention was paid to putative miRNAs that may affect expression of DEG which was previously identified in our whole transcriptome study.
Material and methods

Animals
Twenty-four fatteners (12 gilts and 12 barrows) originating from (Polish Landrace × White Large Polish) sows mated with (Duroc × Pietrain) boars were divided into 4 dietary groups, with 6 pigs in each group (3 gilts and 3 barrows). Animals were kept in individual straw-bedded pens with free access to water. The fattening experiment lasted from about 60 kg to 118 kg of body weight (BW). All procedures relating to the use of live animals included in the experiment were in agreement with the II Local Ethics Committee for Experiments with Animals (Cracow, Poland, Resolution No. 912).
Diets and treatment
The energy and protein concentrations in all diets (metabolizable energy ~13.4 MJ, crude protein ~165 g, Lys ~9.1 g, Met+Cys ~5.9 g, Thr ~5.8 g, Trp ~1.9 g, crude fat ~49 g · kg −1 ) were similar and covered the nutritional requirements for pigs. Mash diets included barley, wheat, maize, wheat bran, soyabean meal, vitamin-mineral additives and crystalline amino acids but differed in the addition of maize DDGS (groups II, III, IV -20%) and the type of used dietary fat (rapeseed oil -groups I and II, beef tallow -group III, coconut oil -group IV). Feed mixtures differed significantly in their fatty acid profiles and saturated to unsaturated fatty acids (SFA:UFA) ratios (Table 1 ). The feed mixtures for groups III and IV were characterised by higher amount of SFA and lower iodine value of fat as compared with groups I and II. All pigs were fed restricted feed amounts twice a day according to body weight: from 2.8 kg · d 
Sample collection
At the end of the fattening, all pigs were slaughtered. Stunning with high-voltage electric tongs (voltage 240-400 V) was followed by exsanguination. Immediately after slaughter, the same section of liver samples were collected from 6 animals in each group for miRNA expression analysis. Immediately after separation, samples (~1 cm 2 ) were frozen in liquid nitrogen and kept in a freezer (−85 °C).
RNA isolation
Total RNA was isolated from ~10 mg of liver, using Directzol RNA kit (Zymo Research, Irvine, CA, USA according to the manufacturer's protocol. The tissue was homogenized in Trireagent (Thermofisher, Waltham, MA, USA) using Bullet blender 24 (Next Advance, New York, NY, USA). The RNA integrity was checked by electrophoresis on 2% agarose gel.
Reverse transcription and qPCR
Reverse transcription was performed using 5 ng of total RNA, miRNA specific primers and TaqMan 
Statistical analysis and relative quantification calculation
The miRNA with the most stable expression was selected as endogenous control with use of GeNorm software analysis (https://genorm.cmgg.be) (Vandesompele et al., 2002) . The relative quantity of analysed miRNAs was calculated using the equation described by Pfaffl (2001) . The miRNA expression comparison across different feeding groups was performed using the GLM procedure (SAS Enterprise guide 7.1, SAS Inc., Cary, NC, USA), with relative quantity (RQ) and sex as fixed effects. The data were normally distributed (tested with Kolmogorov-Smirnov test).
Results
Animal performance
Various types of dietary fats significantly changed the fatty acids profiles and SFA:UFA ratios of the feed mixtures (Table 1 ). The diet of group II was characterized by a higher UFA content, especially c18:2 linoleic acid. Also, in groups III and IV, a higher SFA content and lower iodine value were observed. In the group IV a SFA:UFA ratio above 1 was found, and more than half of all SFA were c9-c12 fatty acids.
In the present experiment, dietary treatment did not significantly impact weight gain or feed utilization in pigs (Świątkiewicz et al., 2016) . The average daily weight gain during the trial (60-118 kg) in all groups ranged from 958 to 991 g, and feed utilization ranged from 3.2 to 3.0 kg. Similarly, meat content in carcasses (~55%), weight of primal cuts (~26 kg), average back fat thickness (~2.2 cm) and liver weight (~1.8 kg) remained unchanged. A significant effect of dietary treatment on the fatty acid profiles and SFA:UFA ratios of subcutaneous adipose tissue in back fat was observed, described and discussed by Świątkiewicz et al. (2016) . Subcutaneous adipose tissue in the back fat of animals receiving maize DDGS and rapeseed oil (group II) contained significantly higher amount of UFA and lower SFA content (lower SFA:UFA ratio) in comparison to remaining groups (P < 0.001). The back fat of group II was characterized by the highest content of c18:2 linoleic acid, which is negatively related to fat hardness, an important attribute in the processing of meat products. In addition, this finding indicates higher susceptibility to the lipid oxidative process.
Selection of miRNAs by in silico MirTarBase analysis
The MirTarBase (http://mirtarbase.mbc.nctu. edu.tw/php/index.php) -a database that contains information regarding experimentally proven miRNA-gene interactions -was scanned to find putative miRNAs that may regulate expression of the differentially expressed genes that we pre- maize DDGS -maize dried distilled grain with solubles; SFA -saturated fatty acids; UFA -unsaturated fatty acids; MUFA -monounsaturated fatty acids; PUFA -polyunsaturated fatty acids viously identified in a RNA-Seq experiment Świątkiewicz et al., 2016) . The 61 distinct miRNAs were identified. Of these, miRNAs that are highly expressed in the liver (miR-103, miR-16a, miR-122a, miR-148a-3p, miR-26a, miR92a) (Pawlina et al., 2015) were selected. Furthermore, the miR-335 was included in the study despite the fact that in the previous study (Pawlina et al., 2015) we did not detect it in the liver miRNAome by NGS (Next Generation Sequencing) but as many as seven DEG were possible targets for this miRNA. The let-7a was also included in the experiment because it has been shown to be a good endogenous control in the porcine liver (Timoneda et al., 2012) .
Identification of the most stable liver miRNAs after diet treatment
qPCR analysis confirmed that all of the analysed miRNAs were highly expressed in the liver, except miR-335. For all miRNAs but one (miR-335), C t values were below 30. The most abundant miRNA was miR-26a (mean C t = 21.6), whereas miR-335 was weakly expressed in the liver (mean C t = 31.7). Since little is known about the appropriate endogenous control for qPCR analysis of miRNA after diet treatment, the stability of all eight miRNAs using the GeNorm software was analysed. According to this analysis, all miRNAs had relatively low (between 0.5-1.78) M values -a parameter determining stability. Nevertheless, the most stable were miR-26a, miR-16 and miR qPCR analysis of miR-122a, miR-103, let-7a, miR-92a and miR-335 expression differences across the diet groups According to the results of the GeNorm analysis, the normalized relative quantity of five miRNAs (miR-122a, miR-103, let-7a, miR-92a and miR-335) using miR-16a, miR-26a and miR-148a-3p as endogenous controls was calculated. Statistical analysis with diet and sex as fixed factors showed that expression was not affected by sex in any of the miRNAs. Only miR-122a expression was different across the diet groups (P < 0.03). miR-122a expression was significantly lower in the liver of pigs fed diet with DDGS and coconut oil than in pigs fed diet with DDGS and beef tallow (P < 0.027), the group fed diet without DDGS but with the addition of rapeseed oil (−DDGS+rapeseed oil) (P < 0.0052) and the group fed DDGS and rapeseed oil in the diet (P < 0.035).
The differences in miR-122a expression were relatively low (fold change 1.5-1.4) but statistically significant. No significant change in the expression of the other analysed miRNAs across the diet treatments was found; nevertheless, some trends were observed for miR-335 (P < 0.096). The mean expression of miR-335 was 2-fold lower in the −DDGS + rapeseed oil group than in the other groups ( Figure 2) ; however, it was weakly expressed in the liver, and a high standard deviation was observed within the groups.
Discussion
The obtained results on the stability of miRNA expression are in partial agreement with those of Timoneda et al. (2012) who investigated the stability of ten miRNAs in various tissues and breeds of pig. It was observed that all investigated miRNAs were stable and the expression of selected miRNAs was Figure 2 . Relative quantity of selected miRNA in the liver of pigs fed four experimental diets with or without maize dried distilled grains with solubles (DDGS) addition, and with 3 different dietary fats: rapeseed oil, coconut oil and beef tallow after normalization to miR-16a, miR-26a and miR-148a-3p; * and ** indicate values statistically different from DDGS+coconut oil group at P < 0.05 or P < 0.01, respectively primarily influenced by the tissue, while the breed was not a determining factor. Three out of the ten analysed miRNAs (miR-26a, miR-103 and let-7a) were recommended for qPCR experiments in the liver samples; however, miR-148a-3p and miR-122a were not investigated in that study. The results of the present study suggest that other miRNAs may be better endogenous controls (miR-16a and miR-148a-3p) under the applied experimental conditions. The results obtained in the present study also show that the addition of coconut oil to the diet with maize DDGS changes miR-122a expression in pig livers. miR-122a is one of the most abundant miRNAs in mammalian liver. miR-122a was extensively studied after the discovery that it may modulate Hepatitis C Virus (HCV) mRNA expression, making it a potential target for antiviral intervention (Jopling et al., 2005) . It has been shown that miR-122a is engaged in many liver diseases, like cancer, hepatitis, steatosis and cirrhosis (Bandiera et al., 2015) . Furthermore, miR-122a is associated with various metabolic processes, including cholesterol metabolism. It has been shown that miR-122a inhibition results in decreased cholesterol levels in mice (Esau et al., 2006) and in African green monkeys (Elmén et al., 2008) as well as decreased mRNA level of two key genes (HMGCS1 and HMGCR) involved in cholesterol biosynthesis (Krützfeldt et al., 2005) . Interestingly, it was previously shown that the level of miR-122a expression depends on nutrition factors. Maternal high fat diet (HFD) alters the level of miR-122a expression in the liver of mouse offspring (Benatti et al., 2014) . Lower expression of miR-122a was observed in the offspring of mothers fed HFD when compared with the offspring of mothers fed a standard chow diet during pregnancy and lactation (Benatti et al., 2014) . Furthermore, miR-122a was down-regulated in the adipose tissue of mice after a long-term HFD feeding (Chartoumpekis et al., 2012) .
On the other hand, in some experiments it has been shown that virgin coconut oil has hepato-protective activity on rabbits (Zakaria et al., 2011) . Moreover, it was shown that the replacement of soyabean oil by coconut oil in the feed of broilers lowered the level of low density lipoprotein (LDL)-cholesterol and favourably affected lipid profile in serum (Wang et al., 2015) . It is plausible that this effect may be related to the altered expression of miR-122a.
Conclusions
MicroRNAs play an important role in the regulation of gene expression. Nutrigenomic research should investigate this type of gene regulation because it may help to evaluate the molecular mechanism by which nutrients influence gene expression. Our experiment indicates that three miRNAs -miR16a, miR-26a and miR-148a-3p -are very stable in the liver of pigs fed different diets. On the other hand, miR-122a expression was altered in the liver of animals fed diet based on maize dried distilled grains with solubles (DDGS) with coconut oil. This finding sheds new light on nutrient-gene interactions and provides a basis for further research on the influence of nutrients on gene expression.
